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Abstract 

Background: The tobacco industry has globalized and tobacco use continues to increase in low- and middle- 
income countries. Yet, the data and research to inform policy initiatives for addressing this phenomenon is sparse. 
This study aims to estimate the prevalence of adult tobacco use in 17 Sub-Saharan Africa (SSA) countries, and to 
identify key factors associated with adult tobacco consumption choices (smoked, smokeless tobacco and dual use) 
in Madagascar. 

Methods: We used Demographic Health Survey for estimating tobacco use prevalence among adults in SSA. 
A multinomial logistic regression model was used to identify key determinants of adult tobacco consumption 
choices in Madagascar. 

Results: While differences in tobacco use exist in SSA, Madagascar has exceptionally higher prevalence rates (48.9% of 
males; 10.3% of females). The regression analyses showed complexity of tobacco use in Madagascar and identified age, 
education, wealth, employment, marriage, religion and place of residence as factors significantly associated with the 
choice of tobacco use among males, while age, wealth, and employment were significantly associated with that of 
females. The effects, however, differ across the three choices of tobacco use compared to non-use. 

Conclusions: Tobacco use in Madagascar was higher than the other 1 6 SSA countries. Although the government 
continues to enact policies to address the problem, there is a need for effective implementation and enforcement. 
There is also the need for health education to modify social norms and denormalize tobacco use. 
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Background 

Tobacco use in many Sub-Saharan Africa (SSA) countries 
is generally low [1], but like many low- and middle- 
income countries (LMICs) around the world, the volume 
of cigarette consumption has been increasing over the 
past decades [2,3]- While there are several determinants 
for this increasing trend of tobacco use in LMICs, a key 
contributory factor has been the aggressive market penetra- 
tion by Transnational Tobacco Companies (TTCs) [4-6]. 
Understanding tobacco use and the role of TTCs in exacer- 
bating the problem has, however, been hampered by pau- 
city of data and sparse research [7]. This development has 
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generated the need for more investigations, and policy 
and programmatic interventions to combat tobacco use 
in LMICs such as those in SSA. 

In 2003, the World Health Organization (WHO) Frame- 
work Convention on Tobacco Control (FCTC), the first 
international public health treaty negotiated under the 
auspices of the WHO [8], was developed to deal with the 
globalization of tobacco use, and has been ratified by most 
SSA countries [9]. Still, the generally low, but increasing 
rates of tobacco use in SSA countries [3,10], along with 
demographic and socioeconomic changes such as in- 
creasing incomes and urbanization [2], and relatively 
weak tobacco control policies and programs [1] provide 
a potential market for the tobacco industry to exploit. 
Although research to provide insight into adult and youth 
tobacco use in SSA [11-16] has slowly been growing over 
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the past decade, there is an inadequate analysis across 
countries and limited information on many countries, 
including Madagascar [17]. Therefore, this study inves- 
tigates adult tobacco use in SSA with a greater emphasis 
on Madagascar because of high rates of prevalence of 
tobacco use compared with SSA countries. Additionally, 
Madagascar requires more consideration because it is 
not only one of the few LMICs and SSA countries with 
scarce information on adult tobacco use [1] but also 
faces a bleak public health future as over two-thirds 
of the population live below the poverty line [18], its 
Human Development Index ranking is one of the lowest 
in the world [19], and tobacco-induced non-communicable 
diseases (NCDs) such as cardiovascular diseases, cancer 
and chronic obstructive pulmonary disease have emerged 
as major causes of mortality [18]. 

Madagascar is the largest island in the Indian Ocean 
and the 4th largest island in the world with a population 
of about 21 million in 2010 [18]. The presence of the 
tobacco industry in the country dates back to the 1950s 
when the Tobaccor Group from France established a 
cigarette manufacturing and distribution network [5]. 
In 2001, Imperial Tobacco Limited acquired the Tobaccor 
Group and became a near monopoly in Madagascar 
with easier access to tobacco markets in Eastern and 
Southern Africa [5,20,21]. Simultaneously, to combat 
the increasing tobacco use in the country, the govern- 
ment has taken progressive steps since 1998 to enact 
policies such as taxes on tobacco products (76% of retail 
price [22]), health warnings (in French and Malagasy) 
on tobacco packages (including the graphic warnings), 
ban on the use of descriptors and tobacco products in 
certain venues (e.g. workplaces, public transport and 
public places), and ban on tobacco advertising, promo- 
tion and sponsorship, ban on the sale of cigarettes to 
and by minors (<18 years) with point of sale notice, ban 
on cigarette vending machines, and prohibition of illicit 
tobacco trade (manufacturing and counterfeiting) [23]. 
The co-existence of a strong tobacco industry working 
to bolster consumption through marketing, promotions 
and corporate social responsibility activities, and progres- 
sive tobacco control efforts by the government generates 
the need to identify where to target the limited resources 
to reduce tobacco use prevalence in the population. 

The objective of this study was to estimate adult to- 
bacco use prevalence in 17 SSA countries with a greater 
focus on understanding tobacco use in Madagascar. Along 
with estimating prevalence of adult tobacco use in these 
17 countries, we will further assess the prevalence, and 
identify key determinants of choice of various forms of 
tobacco use (smoked, smokeless and dual use) among 
adults aged 15-49 years in Madagascar. We hypothesize 
that there is a wide variation in tobacco use in SSA 
countries, and that tobacco use in Madagascar is associated 



with several socioeconomic and contextual factors. The 
study provides an overview of tobacco use in SSA, and 
facilitates a comprehensive understanding of the situ- 
ation in Madagascar to inform policy and programmatic 
initiatives to control the problem as well as support pol- 
icies that ensure the implementation of the FCTC. 

Methods 

Initially, we conducted a preliminary analysis to estimate 
tobacco use prevalence among both adult male and female 
residents in 17 SSA countries using the Demographic 
Health Survey (DHS), 2005-2010. The DHS was a strati- 
fied, two-stage cluster sampling design, where occupied 
households (e.g., 18,083 for Madagascar in 2008) were 
given a general household questionnaire and in half 
of these households, additional questionnaires were ad- 
ministered for the males' interview. Detailed description 
of the survey, including methodology, questionnaire de- 
velopment, administration, collection of information and 
management of data by survey weights to make it represen- 
tative of the respective populations have been discussed in 
earlier studies and reports [11,24], and are also available 
online at ICF International [25]. 

Subsequently, we conducted a comprehensive analysis 
to understand tobacco use among adults in Madagascar. 
As stated earlier, Madagascar was chosen because the to- 
bacco use among both adult males and females was much 
higher than those in the other 16 SSA countries. The over- 
all response rate for the household survey in Madagascar 
was 98.8%. We examined and compared the choice behav- 
ior of males and females aged 15-49 years with respect to 
their tobacco consumption to ensure uniformity of data 
in the regression analyses. This study, which is analyses 
of the DHS data, was approved by the Institutional Review 
Board of East Tennessee State University. 

The participants in the DHS were asked several health- 
related questions, including their tobacco use behavior. 
The choice behavior of a participant's tobacco consump- 
tion was determined by positive self-reported responses 
to whether s/he currently smoked cigarettes or smoked/ 
used any type of tobacco and the type of tobacco s/he 
currently smoked/used (Pipe/Chewing tobacco/ Snuff/ 
Other) [26,27]. Thus, a typical participant in the survey 
was faced with a choice between smoked and smokeless 
tobacco products (SLTs). Therefore, a participant can 
decide which of the four tobacco use categories applies 
to her or him: no consumption of any tobacco products, 
consumption of only smoked tobacco products, consump- 
tion of only SLTs, or consumption of both smoked to- 
bacco products and SLTs (dual use). Approximately 96% 
of females aged 15-49 years (n= 17,375) and 93% of males 
aged 15-59 years (n=8,586) provided information on their 
current use of tobacco products, which include smoked 
and smokeless tobacco products. 
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Multinomial Logit Model (MNLM), which simultan- 
eously estimates binary logits for all possible comparisons 
among the outcome categories, is well suited to examine 
such multiple outcomes [28]. We specified each nominal 
outcome as a nonlinear function of the independent var- 
iables. The MNLM can be formally stated as follows. 
Let j be a dependent variable with / nominal outcomes. 
The / categories are numbered 1 through J, but are not 
ordered in any way. Let Pr(y, = m \ Xj) be the probability 
of observing outcome m for individual i given X, the 
set of explanatory variables. As a probability model, the 
MNLM can then be written as: 

Pr(y= m\X) 

In n m]b (X) = l« p ^ y=b ^ = xp^farm = 1 to/ 

where b is the base category, also referred to as the 
comparison group. These / equations can be solved to 
compute the predicted probabilities: 



Pr(y = m\X) 



Ej =1 exp(X^ 



,\b> 



In this study, the dependent variable (y) has 4 outcome 
categories (f) namely, no tobacco use (hereafter "none") {b), 
using only smoked tobacco products (hereafter "smoked"), 
using only smokeless tobacco products (hereafter "SLTs"), 
and using both smoked tobacco products and SLTs prod- 
ucts (hereafter "dual use"). The independent variables (X) 
included gender, age in years, education status (no educa- 
tion, primary education, high-school education, or univer- 
sity education), standardized wealth index a used as a proxy 
measure for income that was not collected in the survey, 
occupation status (unemployed, agricultural labors, service 
manual labors, or service non-manual labors), marital sta- 
tus (married or unmarried), religious beliefs (Christianity, 
Islam, Traditional religions, or other religions) and place of 
residence (rural or urban). Although the choice of these 
variables was informed by the literature [11,29,30], it was 
simultaneously constrained by the information available 
in the DHS dataset [25]. All the variables, except age 
and wealth index, were categorical. Although price is 
an important determinant of tobacco use [6], it was 
not included in the regression because the price paid 
for tobacco was not collected by the survey and the 
cross-sectional nature of data limited variation in tobacco 
prices across time. 

Based on the established gender gradient in tobacco 
use in SSA [1,10], the analyses were done separately for 
males and females. Descriptive statistics of three types of 
tobacco use (smoked, SLTs, and dual use) were reported 
for males and females using proportions. However, MNLM 
was not reported for dual use among females due to 
insufficient sample size (n=18). Additionally, in order 
to make comparisons more meaningful, data for a uniform 



age category (15-49 years) were used for both males 
and females to estimate the MNLM. The MNLM models 
were checked for possible multicollinearity, but it did not 
warrant dropping any variables. Robust standard errors 
were used to improve estimates because of lack of infor- 
mation on structure of heteroskedasticity of the data. 
The Chi square goodness of fit statistics was estimated 
to check the overall fit of the model and is reported 
along with the MNLM results. All models were estimated 
using probability weights from the survey and Stata 11.0 
software (College Station, Texas, USA). 



Results 

The results of the preliminary analysis of adult tobacco 
use in the 17 SSA countries are presented in Figures 1A 
and IB. The Figure 1A shows that for males aged 15-59 
years, the prevalence of smoking ranged from 7.31% in 
Ghana to 37.11% in Sierra Leone, SLTs use ranged from 
0.29% in Zambia to 24.62% in Madagascar, and use of 
all tobacco products ranged from 8.08% in Ghana to 
48.87% in Madagascar. Figure IB shows that among females 
aged 15-49 years, the prevalence of smoking ranged from 
0.17% in Ghana to 6.0% in Sierra Leone, SLTs use ranged 
from 0.20% in Ghana to 9.64% in Madagascar, and use 
of all tobacco products ranged from 0.34% in Ghana to 
10.29% in Madagascar. These results demonstrated that 
the prevalence of tobacco use in Madagascar was much 
higher than other 16 SSA countries in the DHS dataset, 
indicating the need for comprehensive investigation into 
tobacco use in this country. 

Table 1 presents the prevalence of tobacco use in 
Madagascar by gender for all the three types of tobacco 
use, i.e., smoked (28.5% males, 0.77% females), SLTs use 
(24.6% males, 9.6% females) and dual use (4.3 males, 0.1% 
females). The prevalence of tobacco use has a strong gen- 
der gradient with 48.9% of males currently using tobacco 
in some form, while only 10.3% of women do so (p <0.05). 

Among males, SLTs use prevalence increased with age, 
but smoked and dual use of tobacco products peaked 
during 20-24 years (35.82%) and 40-44 years (6.45%), 
respectively. It can also be observed that the prevalence 
of the use of all forms of tobacco products was higher 
for males with no or lower than primary education. 
Additionally, while males employed in agriculture had 
higher prevalence of SLTs use (32.16%) and dual use 
(5.23%), those in service-manual employment had high 
prevalence of smoking (35.37%) than others. The preva- 
lence of all forms of tobacco products was more among 
married (56.63%) than unmarried males (38.58%). While 
Christian males had the highest prevalence of SLTs use 
(25.42%), the prevalence of smoking (39.69%) or dual 
use (9.45%) was highest among Muslims males. While the 
prevalence of SLTs use (27.81%) and dual use (4.56%) was 
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Figure 1 Tobacco use among adults in Sub-Saharan African Countries. A. Tobacco use among adult males in Sub- Saharan African countries, 
Demographic Health Survey, 2005-2010. B. Tobacco use among adult females in Sub- Saharan African countries, Demographic Health Survey, 2005-2010. 



higher among males residing in rural areas, those residing 
in urban areas had higher prevalence of smoking (33.78%). 

Among females, the prevalence of dual use of tobacco 
products is much less (0.09%) compared to that of smok- 
ing (9.60%) and SLTs use (0.77%). While the prevalence 
of SLTs use and smoking increased with age, that of dual 



use peaked during 35-39 years. Although the highest 
prevalence of SLTs and dual use was among females 
with no education, the highest smoking prevalence was 
among those with high-school education and above. 
With increase in wealth, the prevalence of SLTs use 
decreased, but vice versa with that of smoking and dual 
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Table 1 Prevalence of tobacco use in Madagascar among females aged 15-49 (n= 17,375) and males aged 15-59 years 
(n=8,586). Demographic Health Survey, 2008-09 

Characteristics Smoked tobacco products Smokeless tobacco products Dual use of tobacco products All tobacco" 



Female (%) Male (%) Female (%) Male (%) Female (%) Male (%) Female (%) Male (%) 



N 


118 


2152 


1579 


1712 


18 


359 


1715 


4223 


Total 


0.77 


28.50 


9.60 


24.60 


0.09 


4.30 


10.3 


48.90 


Age (in years) 


















15-19 


0.60 


14.87 


3.4 


8.40 


0.15 


1.13 


3.82 


22.13 


20-24 


0.43 


35.82 


7.4 


17.14 


0.00 


4.57 


7.82 


48.39 


25-29 


0.60 


33.61 


9.7 


24.35 


0.07 


5.34 


10.25 


52.62 


30-34 


0.73 


31.38 


12.0 


27.94 


0.06 


4.40 


12.68 


54.92 


35-39 


0.95 


32.36 


13.8 


30.65 


0.24 


5.11 


14.52 


57.90 


40-44 


1.17 


29.91 


14.2 


32.18 


0.06 


6.45 


15.34 


55.64 


45-49 


1.53 


32.88 


15.1 


35.79 


0.04 


6.33 


16.58 


62.34 


50-54 




25.71 




40.46 




3.69 




62.49 


55-59 




24.42 




41.86 




4.33 




61.95 


Education 


















No Education 


0.83 


32.37 


15.2 


33.47 


0.29 


5.22 


15.74 


60.62 


Primary 


0.38 


27.27 


11.7 


31.73 


0.05 


4.83 


11.98 


54.17 


High-school 


1.27 


28.37 


3.6 


10.51 


0.04 


3.17 


4.85 


35.71 


University 


2.06 


29.57 


0.0 


2.70 


0.00 


1.37 


2.06 


30.90 


Wealth Index (in quintiles) 


















Lowest 


0.38 


30.07 


12.9 


34.36 


0.12 


4.67 


13.18 


59.77 


Second 


0.57 


27.04 


13.5 


31.19 


0.11 


4.04 


13.94 


54.18 


Middle 


0.42 


25.20 


11.6 


32.83 


0.10 


4.99 


11.89 


53.04 


Fourth 


0.43 


28.95 


8.7 


22.59 


0.00 


5.76 


9.09 


45.78 


Highest 


1.A1 


30.74 


3.7 


8.09 


0.13 


2.25 


5.36 


36.59 


Occupation 


















Unemployed 


1.09 


11.56 


2.5 


2.31 


0.01 


0.51 


3.59 


13.36 


Agriculture 


0.34 


29.04 


12.5 


32.16 


0.09 


5.23 


12.77 


55.97 


Service-manual 


1.70 


35.37 


7.9 


15.06 


0.17 


3.20 


9.44 


47.24 


Service-non-manual 


1./7 


32.50 


1.4 


8.80 


0.13 


3.67 


3.02 


37.64 


Marital status 


















Unmarried 


0.75 


25.13 


7.84 


16.26 


0.08 


2.82 


8.51 


38.58 


Married 


0.78 


31.04 


10.81 


30.96 


0.10 


5.37 


11.49 


56.63 


Religion 


















Other Religion* 


0.56 


32.48 


9.7 


23.19 


0.15 


3.95 


10.11 


51.72 


Christian 


0.84 


26.45 


9.7 


25.42 


0.08 


4.41 


10.46 


47.46 


Muslim 


0.00 


39.69 


1.7 


14.91 


0.00 


9.45 


1.65 


45.14 


Traditional 


0.96 


35.05 


9.7 


22.75 


0.00 


1.84 


10.67 


55.96 


Residence 


















Urban 


1.69 


33.78 


4.4 


8.05 


0.18 


2.75 


5.92 


39.08 


Rural 


0.58 


27.48 


10.7 


27.81 


0.08 


4.56 


11.23 


50.72 



* All other religious groups which are not Christian, not Muslim or not traditional. 

# Prevalence for smoked and smokeless tobacco use is not mutually exclusive. Therefore, the totals in the last two columns are summations of the corresponding 
smoked and SLT percentages minus dual use. 
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use. Furthermore, similar to males, female agriculture 
employees had the highest prevalence of SLTs use (12.5%), 
however, those in non-manual employment had the 
highest smoking prevalence (1.77%). The prevalence of 
the use of all forms of tobacco products was higher 
among married females and Muslim females had the least 
prevalence of the use of any tobacco product. Finally, 
females residing in rural areas had higher prevalence of 
SLTs use (10.7%), while those in urban areas had higher 
smoking prevalence (1.69%). 

A multinomial logit regression model was initially 
estimated for males and females combined and it revealed 
that the relative risks of being a smoker, SLT user, or dual 
user of tobacco were 66 times [RRR = 65.72; 95% CI 
(51.49, 83.89)], 4 times [RRR = 3.94, 95% CI (3.550, 
4.379)], and 90 times [RRR = 90.29; 95% CI (49.48, 164.8)] 
higher for males compared to females, respectively. How- 
ever, considering the strong gender gradient in tobacco 
use prevalence (Table 1) and higher relative risks of 
tobacco use among males than females (as stated earlier), 
regression models were conducted separately for males 



and females. (The results of the combined analysis can 
be made available upon request.) 

Table 2 presents the relative risk ratios (RRRs) from 
the multinomial logit regression for the choice of to- 
bacco use among males and females aged 15-49 years. 
The education and religion variables were dropped from 
the female regression because the sample was not suffi- 
cient for females belonging to certain categories of edu- 
cation and religion in the examination of the various 
tobacco product choices. 

Among males, the prevalence of all forms of tobacco 
use had a positive association with age, i.e., as age in- 
creased, the relative risk of use of any tobacco product 
increased as well. Compared to males with university 
education, those with no or primary education had 7.7 
[RRR = 7.68, 95% CI (1.41, 42.00)] and 6.5 [RRR = 6.52 
95% CI (1.21, 35.20)] times higher relative risks of SLTs 
use. While the wealth index did not have an effect on 
the choice of male smoking, an increase in a person's 
wealth significantly decreased the relative risks of being 
a SLTs or dual user of tobacco products by a factor of 



Table 2 Key determinants of adult tobacco use in Madagascar, Demographic Health Survey, 2008-09 (Base outcome 
category: No tobacco use) 



Smoked tobacco products (Smoking) 



Smokeless tobacco products (SLTs use) 



Dual use 



Male 
RRR 



95% CI 



Female 
RRR 



95% CI 



Male 
RRR 



95% CI 



Female 
RRR 



95% CI 



Male 
RRR 



95% CI 



Age 

Age 15-49 1.02*** [1.01,1.03] 

Education (Base: University education) 

No education 1.39 [0.86,2.25] 

Primary 1.16 
High-School 1.04 
Wealth 

Wealth Index 1.02 
Occupation (Base: Unemployed) 



1 .06* 



[0.75,1.82] 
[0.69,1.57] 

[0.89,1.16] 1.58* 



Agriculture 3.41* 

Service-manual 3.63* 

Service-non-Manual 2.75* 

Married (Base: Unmarried) 1.02 
Religion (Base: Christian) 

Other Religion 1.28* 

Muslim 1.36 

Traditional 1.57 
Residence (Base: Rural) 

Urban 1.37* 



0.32* 
1.03 
0.62 
0.86 



[2.46,4.72] 
[2.62,5.04] 
[1 .76,4.30] 
[0.86,1.21] 

[1.09,1.51] 
[0.77,2.42] 
[0.96,2.58] 



[1.07,1.75] 0.86 



[1.03,1.08] 1.06*** 

7.68* 
6.52* 
2.49 

[1.11,2.24] 0.45*** 

[0.14,0.73] 5.26*** 

[0.55,1.92] 5.55*** 

[0.24,1.59] 3.77** 

[0.54,1.38] 1.22* 

0.51*** 
0.11*** 
0.52* 

[0.45,1.64] 0.81 



[1.05,1.07] 

[1.41,42.00] 
[1.21,35.20] 
[0.46,13.50] 

[0.38,0.54] 

[2.74,10.09] 
[2.79,11.03] 
[1 .54,9.26] 
[1.01,1.48] 

[0.42,0.62] 
[0.03,0.41] 
[0.29,0.92] 

[0.56,1.16] 



1.05* 



0.59* 

2.36* 
2.44* 
0.42* 
0.96 



1 



[1.04,1.05] 



1.04* 

3.16 
2.26 
1.54 



[0.52,0.66] 0.70* 

[1.76,3.16] 6.58* 

[1 .77,3.37] 4.94* 

[0.18,1.00] 5.99* 

[0.83,1.11] 1.46* 

0.63* 

2.14 

0.29* 



[0.76,1.31] 



.25 



[1 .02,1 .06] 

[0.67,14.93] 
[0.50,10.28] 
[0.38,6.21] 

[0.51,0.98] 

[2.32,18.67] 
[1.66,14.69] 
[1.55,23.20] 
[1.04,2.06] 

[0.46,0.86] 
[0.74,6.21] 
[0.09,0.86] 

[0.74,2.11] 



Notes: RRR - Relative Risk Ratios; 95% confidence intervals in parentheses; Chi-square goodness of fit statistics 829.14 for male regression and 620.28 for females 
were both significant at p<0.001; Sample size was 7653 for male regression & 17369 for female regression; Age and wealth index are continuous variables and all 
others are categorical; Analyses were not conducted for dual use among females because of the small n. 
* p<0.05, ** p<0.01, *** p<0.001. 
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0.45 [RRR = 0.45, 95% CI (0.38, 0.54)] and 0.7 [RRR = 
0.70, 95% CI (0.51, 0.98)] times, respectively. Employed 
males had higher relative risks of using any form of 
tobacco products than unemployed. Specifically, males 
in service-manual employment had higher relative risks of 
smoking or SLTs use, while those employed in agriculture 
had higher relative risks of dual use of tobacco products, 
compared with unemployed males. Married males had 
1.22 [RRR = 1.22, 95% CI (1.01, 1.48)] and 1.5 [RRR = 
1.46, 95% CI (1.04, 2.06)] times higher relative risk of 
SLTs and dual use than those unmarried. The relative 
risks of SLT use were lower among all religious groups 
compared to Christians. Place of residence had a signifi- 
cant effect only for male smoking and that males resid- 
ing in urban areas had 1.4 [RRR = 1.37. 95% CI (1.07, 
1.75)] times higher relative risk of smoking than those 
residing in rural areas. 

Similar to males, the relative risks of smoking and 
SLTs use among females increased with age. Wealth had 
varying effect on the choice of tobacco use among females. 
While wealth was significantly associated with relative 
risk of smoking among females [RRR = 1.59, 95% CI 
(1.11, 2.24)], the risk of SLT use was negative [RRR = 
0.59, 95% CI (0.52, 0.66)]. While females in both agricul- 
ture and service-manual occupation had higher relative 
risks of SLT use, those in service-non-manual occupa- 
tion had lower relative risks compared with unemployed 
ones. Females in agricultural employment had a lower 
relative risks for smoking compared to unemployed 
women. Unlike males, marital status did not affect 
tobacco consumption choices among females in any 
significant way. Residing in urban areas did not affect 
smoking or SLT use behavior among females. 

Discussion 

Tobacco use causes several preventable diseases and deaths 
(5.4 million in 2010) in the world [1], yet, the usage rate 
has been increasing in LMICs over the past decades and 
is expected to reach over 80% of the volume of global 
tobacco consumption by 2030 [3]. As a result, the FCTC 
was unanimously adopted by the Member States of the 
World Health Assembly, the governing body of the 
WHO, in 2003 to curb the problem. As at August 2013, 
the FCTC has been ratifies by 177 Parties, including 
Madagascar in September 2004. For many LMICs, how- 
ever, curbing the increasing trend has been problematic 
and challenging due to inadequate information on 
tobacco use. Thus, this study explored tobacco use 
prevalence in 17 SSA countries with a comprehensive 
investigation into Madagascar to provide information 
for policy and programmatic interventions as well as 
facilitate the implementation of the FCTC. Preliminary 
comparative analysis of the DHS dataset conducted in 
these 17 SSA countries showed that tobacco use prevalence, 



particularly SLTs was much higher in Madagascar 
(Figures 1A and B). Indeed, nearly half of Madagascan 
adult males in this study reported that they used some 
form of tobacco product (48.90%). SLTs use prevalence 
(24.62%) was at least 20 percentage points higher than 
any of the other countries. This higher level of SLTs use 
prevalence in the country may be due to the large pro- 
portion of Madagascans with South Asian origin as pre- 
vious studies have documented that South Asians are 
highest SLTs users in the world [31-33]. 

The study provided a comprehensive investigation 
into adult tobacco use in Madagascar by estimating the 
prevalence and identifying key factors associated with 
the risk of tobacco consumption. While the prevalence 
of use of any form of tobacco products (smoked, SLTs, 
and dual use) in Madagascar was high, the overall preva- 
lence was particularly high among males (28.5% smoking, 
24.6% SLTs use, and 4.3% dual use) in a region of the 
world (i.e., SSA) noted for generally low tobacco use 
and the epidemic is yet to take off [1,10]. When this 
high prevalence rate is coupled with the fact that over 
two-fifths of all mortality in Madagascar is due to NCDs 
[18], the situation in the country resembles those in 
more advanced stages of the Tobacco Epidemic Model, 
which describes the progression of the tobacco epidemic 
in countries based on the experience of developed coun- 
tries [10]. Simultaneously, the gender gap supports the 
modified Tobacco Epidemic Model because it suggests 
that males and females in many LMICs have different 
tobacco epidemic trajectories [10]. This high and in- 
creasing level of tobacco use, amidst the government's 
efforts to enact and implement some of the effective 
tobacco control measures in SSA in conformity with 
the FCTC [5,21,34,35], supports the thesis that the 
development of effective domestic tobacco control pro- 
grams requires convergence of institutions, agendas, 
networks, socioeconomic factors and ideas [9]. In fact, 
as of May 2013, Madagascar's excise tax rate of 76% of 
retail price of tobacco products [22] was not only the 
highest in SSA but also above the 75% recommended by 
the WHO [35,36], yet the prevalence of tobacco use 
was highest among the countries in this study, which 
demands longitudinal research into causal relationship 
between price of tobacco products and tobacco use. 
Nevertheless, with these high rates of tobacco use preva- 
lence and incidence of NCDs in the country, Madagascar 
faces the double-burden of disease and is now at the 
stage of tobacco epidemic where there is a necessity for 
combined aggressive prevention strategies and cessation 
efforts. 

Among adult males and females in Madagascar, although 
the relative risk of use of tobacco products increased with 
age, the magnitude of association was very low. This 
increase in relative risks of tobacco use with increase 
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in age suggests that tobacco use in Madagascar is pre- 
dominant among adults and necessitates public health 
education campaigns to inform adults about the health 
hazards of not only smoking but also SLTs use [1]. 
Similar to previous studies from other countries [37], 
we found socioeconomic status (SES) indicators, i.e., 
education, wealth and occupation, as key determinants 
of adult tobacco use in Madagascar with varying effects 
on males and females and on the type of tobacco used. 
Education particularly had a significant effect on preva- 
lence of SLTs use among males in Madagascar, and 
those with no or primary education had 7.7 and 6.5 
times higher relative risks of being a SLTs user com- 
pared with those with university education. While this 
phenomenon may be attributed to cultural heritage, i.e., a 
large segment of the population having South Asian 
origin, the lack of knowledge about the negative health 
effects of SLTs among people with no or only primary 
level education in the country may have exacerbated the 
phenomenon. This suggests the need to increase aware- 
ness programs about the ill effects of SLTs, while finding 
ways to reach the lower educated people with this infor- 
mation or implementing prevention programs tailored 
for such people. 

While increase in wealth index has no effect on smoking 
among males, it significantly reduced the relative risks 
of the prevalence of SLTs and dual use among them. This 
is consistent with research on SLTs from Southeast Asia 
that considered SLTs as "poor man's cigarettes" [38]. How- 
ever, the higher relative risks of smoking prevalence of 1.6 
times with increase in wealth index among females merits 
attention in the country. The tobacco industry target of 
working and middle class women in LIMICs with Western 
images and messages of feminine liberation through smok- 
ing has been documented [39-41], and it probably con- 
tributes to the observed phenomenon among females in 
Madagascar. Thus, it is important for the government 
and the public health community to ensure that the 
tobacco industry in the country does not circumvent 
the ban on advertising, marketing and promotions due 
to the potential effects of increasing tobacco use, par- 
ticularly among wealthy females in the country. 

The effects of occupational status on tobacco use showed 
that usage was generally less among the unemployed, 
although increases in wealth appears to reduce the relative 
risks of using SLTs among males and females. These 
generally higher relative risks of tobacco use among the 
employed when compared with the unemployed may be 
due to the issue of affordability. Perhaps, the unemployed 
did not have the necessary money to purchase tobacco 
products. It should, however, be noted that compared to 
unemployed females, the relative risks of prevalence of 
SLTs use among females in service-non-manual employ- 
ment was significandy lower. This suggests that the type 



of employment for females in Madagascar could be an 
indicator of the type of tobacco they decide to consume. 
Thus, targeting tobacco prevention and cessation activ- 
ities at workplaces could be a strategy to address the 
high prevalence of tobacco use in the country. 

Socio-cultural factors, including marital status and re- 
ligion, have been identified as important factors for un- 
derstanding tobacco use, especially among women in many 
LMICs [39]. Although the prevalence of all types of 
tobacco use was higher among married people, the 
relative risk was higher and significant only in the case 
of SLTs and dual use among married males. These re- 
sults about the effects of marital status of Madagascan 
males on tobacco use prevalence are not consistent 
with studies from other parts of SSA where marriage 
was found to be a protective factor against tobacco use 
[11], suggesting the complexity of cultural effects on to- 
bacco use in SSA countries. Nevertheless, the significant 
difference in the rate of dual use between married and 
unmarried males indicates that a larger percentage of 
the female population in Madagascar were exposed to 
secondhand smoke (SHS) because the smoking behavior 
of a married male is an indicator of SHS exposure of the 
spouse [42]. With the well-documented evidence on the 
negative health effects of involuntary or passive smoking 
by nonsmokers [43,44], these results suggest the need to 
target married males with such messages because know- 
ledge about negative health effects of SHS is associated 
with decreased tobacco use and motivation for cessation 
[1,43,45]. Additionally, it is important for the public health 
community in the country to advocate for smokefree 
households to protect nonsmoking married females and 
children from involuntary or passive smoking. 

Other key determinants of tobacco use prevalence in 
Madagascar included place of residence, which had posi- 
tive effects only on smoking among males and dual use 
among females. In this respect, urbanization has long 
been identified as an important reason for the increasing 
tobacco use in LMICs over the past decades [2,6]. While 
SLTs use was more prevalent among rural dwellers than 
urban dwellers (27.81% vs. 8.05% for males; 10.7% vs. 
4.4% for females), smoking was more prevalent among 
urban than rural dwellers (33.78% vs. 27.48% for males; 
and 1.69% vs. 0.58% for females). The higher relative 
risk of prevalence of smoking among males residing in 
urban areas is consistent with previous studies on adult 
tobacco use in Africa [46,47]. In fact, the Tobacco Report 
Magazine reported in 2009 that about 50% of all cigarette 
consumption took place in Antananarivo, the adminis- 
trative capital and the largest urban area in the country 
[5]. With the decreasing rural population vis-a-vis the 
increasing urban population (at a growth rate of 4% in 
the past decade [18]), this finding should inform public 
health officials about the impending health epidemic in 
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the country, especially because Imperial Tobacco Limited 
has been working aggressively since the acquisition of 
Tobaccor Group in 2001 to bolster tobacco use [5,20,21]. 
Thus, policymakers in Madagascar should implement 
and enforce the existing policies in a manner consistent 
with the FCTC and with engagement in educational and 
advocacy campaigns that will denormalize tobacco use 
and the industry. Given the rural-urban divide in the 
type of tobacco use, while campaigns involving smoking 
should mostly target urban residents, those involving 
SLTs use should mostly target rural residents. 

Limitations 

This study was cross-sectional in nature, which limited 
the ability to make any causal inferences. Additionally, 
the time variation in the preliminary analysis presents an 
analytical challenge as it does not take into consideration 
changes in the general tobacco control environment. 
However, the DHS surveys conducted for 17 SSA countries 
during different time periods provide the latest compar- 
able information on tobacco use in respective countries. 
Moreover, age truncation (15-49 years) limited the 
ability to provide an overall picture of adult tobacco 
use in the country. Further, the survey responses were 
based on self-reports, which were subjected to recall 
bias with no independent means of validation. Another 
limitation is that although the choice of the explana- 
tory variables for the study was informed by the litera- 
ture, it was simultaneously constrained by information 
available in the DHS dataset for Madagascar. As such, 
other variables such as tobacco industry promotions, 
smoking and anti-smoking media messages, and recep- 
tivity and/or exposure to smoking/tobacco use cessa- 
tion programs that might potentially influence adult 
males and females in Madagascar were not included. 
The different sample sizes for males and females and 
low sample sizes for some demographic variables in the 
study resulted in wider confidence intervals, leading to 
less precision in the interpretation of the regression 
estimates. Regardless, this study provided the first compre- 
hensive investigation into adult tobacco use in Madagascar 
that could assist the government and public health com- 
munity to target their efforts to reduce the high level of 
tobacco use and thereby reduce the increasing incidence 
of tobacco-induced NCDs. 

Conclusion 

Preliminary analysis of tobacco use in 17 SSA countries 
identified that tobacco use prevalence in Madagascar 
was much higher than most SSA countries. This high 
level of adult tobacco use prevalence occurs amidst 
increasing incidence of tobacco-induced NCDs in a 
country where the majority lives on less than one US 
dollar a day and the government spends less than 4% 



of its GDP on health services, which raises a major 
public health concern. This situation suggests that to- 
bacco use in Madagascar should not only be considered 
as a health and/or economic issue but also a human rights 
issue, particularly with the Imperial Tobacco Limited's 
efforts to exploit the tobacco market in the country. 
Along with current progress in tobacco control, the gov- 
ernment and public health community of Madagascar 
should engage in health education efforts to make all 
forms of tobacco use socially unacceptable, while dis- 
couraging tobacco use initiation and encouraging cessa- 
tion. In this respect, the large gender gap in tobacco 
use prevalence suggests that it is important to educate 
married couples in the country about the health effects 
of SHS for nonsmokers and involuntary SHS exposure 
and policymakers and health professionals should con- 
sider integrating the idea of smoke-free household into 
their health campaigns. Moreover, there should be efforts 
to denormalize the tobacco industry such that the cor- 
porate social responsibility programs of Imperial Tobacco 
Limited would not cloud the perceptions of the popula- 
tion that the tobacco industry is the "vector" of tobacco 
use and tobacco-induced diseases such as NCDs [48,49]. 

Endnote 

a Wealth Index used information on household owner- 
ship of consumer items, ranging from a television to a 
bicycle, as well as characteristics of a respondent's dwell- 
ing such as its source of drinking water, sanitation facil- 
ities, and type of flooring material used. Each asset was 
assigned a weight (factor score) generated through princi- 
pal components analysis, and the resulting asset scores 
were standardized in relation to a normal distribution 
with a mean of zero and standard deviation of one. Each 
household was then assigned a score for each asset, and 
the scores were summed for each household. 

Competing interests 

The authors have no competing interests to declare. 
Author's contribution 

HMM wrote the first draft of the manuscript with input from RMJ, who was 
involved with data acquisition and analysis. SPV helped with the 
interpretation of the results and revision of the manuscript. AEOO provided 
substantive input and revision of the manuscript. All authors contributed to 
the several revisions of the final manuscript. All authors read and approved 
the final manuscript. 

Author's information 

HMM is an Assistant Professor in the Department of Health Services 
Management and Policy at East Tennessee State University in the U.S., where 
he does research in tobacco use and control with particular focus on the WHO 
Framework Convention on Tobacco Control and Africa. HMM is a co-author of 
the book Global Tobacco Control: Power, Policy, Governance and Transfer. SPV is a 
postdoctoral research fellow in the Division of General Pediatrics, Department 
of Pediatrics at Vanderbilt University School of Medicine in the US, where he 
does research on pediatric respiratory outcomes in relation to several social and 
environmental risk factors, including tobacco. RMJ is an Assistant professor at 
the Indian Institute of Technology, Jodhpur, India. His research interests are 
primarily in the areas of health policy and lifestyle behaviors in the context of 



Mamudu ef al. BMC Public Health 2013, 13:856 
http://www.biomedcentral.com/1471-2458/13/856 



Page 1 0 of 1 1 



low- and middle- income countries. AEOO works in the WHO regional office for 
Africa and is the regional advisor for tobacco control. He has extensive 
experience in working with governments worldwide, particularly those in Africa. 

Acknowledgements 

We would like to thank the Department of Health Services Management and 
Policy at the College of Public Health, Johnson City, Tennessee, for providing 
logistical support for the research. Additionally, we would like to thank Ms. 
Mary Jordan and the Office of President of East Tennessee State University 
for providing the publication cost for this paper. 

Author details 

'Department of Health Services Management and Policy, College of Public 
Health, East Tennessee State University, Johnson City, TN, USA. 2 lndian 
Institute of Technology, Jodhpur, Rajasthan, India, department of Pediatrics, 
Division of General Pediatrics, Vanderbilt University School of Medicine, 
Nashville, TN, USA. 4 Tobacco Control Division, WHO Regional Office for Africa, 
Brazzaville, Congo. 

Received: 12 February 2013 Accepted: 29 August 2013 
Published: 17 September 2013 



References 

1 . WHO: WHO Report about Global Tobacco Epidemic, 20i 1: Warning about 
dangers of tobacco. Geneva, Switzerland: WHO; 201 1. 

2. FAO: Projections of tobacco production, consumption and trade to the year 
2010. Rome, Italy: FAO: 2003. 

3. Mathers CD, Loncar D: Projections of global mortality and burden of 
disease from 2002 to 2030. PLoS Med 2006, 3(1 1 ):e442. 

4. Yach D, Bettcher DW: Globalization of the Tobacco Industry Influence and 
New Global Response. Tab Control 2000, 9:206-221. 

5. Lambat I: Available at The tobacco industry in Madagascar faces many 
challenges — but they could be overcome with better management, http:// 
www.tobaccoreporter.com/homephp?id=l I9&cid=4&article_id=1 1 1 14. 

6. Jha P, Chaloupka F (Eds): Tobacco Control in Developing Countries. Oxford: 
Oxford University Press; 2000. 

7. Lando HA, Borrelli B, Klein LC, Waverly LP, Stillman FA, Kassel JD: The 
landscape in global tobacco control research: a guide to gaining a 
foothold. Am J Public Health 2005, 95:939-945. 

8. WHO: WHO Framework Convention on Tobacco Control. Geneva, Switzerland: 
WHO; 2003. 

9. Cairney PA, Studlar DT, Mamudu HM: Global Tobacco Control: Power, Policy, 
Governance and Transfer. London, UK: Palgrave Macmillan; 201 1 . 

10. Thun M, Peto R, Boreham J, Lopez AD: Stages of the cigarette epidemic 
on entering its second century. Tob Control 201 2, 21(2):96-101. 

1 1. John RM, Mamudu HM, Liber AC: Socioeconomic implications of tobacco 
use in Ghana. Nicotine Tob Res 2012, 14(1 0):1 205-1 21 2. 

1 2. Townsend L, Flisher AJ, Gilreath T, King G: A systematic literature review of 
tobacco use among adults 15 years and older in sub-Saharan Africa. 
Drug Alcohol Depend 2006, 84(1)14-27. 

1 3. Peltzer K: Early smoking initiation and associated factors among in-school 
male and female adolescents in seven African countries. Afr Health Sci 201 1, 
11(3)320-328. 

14. Muula AS: Prevalence and determinants of cigarette smoking among 
adolescents in Blantyre City, Malawi. Tanzan Health Res Bull 2007, 
9(1)48-51. 

15. Muula AS, Mpabulungi L: Cigarette smoking prevalence among school- 
going adolescents in two African capital cities: Kampala Uganda and 
Lilongwe Malawi. Afr Health Sci 2007, 7(1)45-49. 

16. Panday S, Reddy SP, Ruiter RA, Bergstrom E, de Vries H: Determinants of 
smoking among adolescents in the Southern Cape-Karoo region, 
South Africa. Health Promot Int 2007, 22(3)207-21 7. 

17. Waldron I, Bratelli G, Carriker L: Gender differences in tobacco use in 
Africa, Asia, the Pacific, and Latin America. Soc Sci Med 1 988, 
27:1269-1275. 

1 8. World Bank: Available at World Development Indicators. http://data. 
worldbank.org/sites/default/files/wdi-2012-ebook.pdf. 

1 9. UNDP: Available at Human Development Index Report 2011 - Sustainability 
and Eguity: A Better Future for All. http://hdr.undp.org/en/media/ 
HDR_201 l_EN_Complete.pdf. 



20. Mathews C: Available at African & Middle East. http://www.imperial-tobacco. 
com/files/financial/presentation/010709/morocco_ame_slides_01 0709.pdf. 

21 . Mathews C: Available at Africa & Middle East. http7/www.imperial-tobacco. 
com/files/financial/presentation/180906/transcript_AME.pdf. 

22. WHO Regional Committee for Africa: Available at Implementation of the 
WHO Framework Convention on Tobacco Control in the African Region, http:// 
www.afro.who.int/en/downloads/doc_download/8618-afrrc63infdoc4- 
implementation-of-the-who-framework-convention-on-tobacco-control-in- 
the-african-.html. 

23. Tobaccocontrollaws.org: Available at [Labelling Policy of Madagascar], http:// 
www.tobaccocontrollaws.org/files/live/Madagascar/Madagascar%20-% 
20Decree%20No.%204048_98.pdf. 

24. National Institute of Statistics and ICF Macro: Available at Madagascar DHS, 
2008-09 - Final Report (French), http://www.measuredhs.com/publications/ 
publication-FR236-DHS-Final-Reports.cfm. 

25. ICF International: Available at Demographic Health Surveys. http://www. 
measuredhs.com/What-We-Do/Sun/ey-Types/DHScfm. 

26. ICF International: Available at Demographic and health surveys; Model 
women's questionnaire. http://www.measuredhs.com/pubs/pdf/DHSQ5/ 
DHS5-Woman's-QRE-22-Aug-2008.pdf. 

27. ICF International: Available at Demographic and health surveys; Model men's 
questionnaire. http7/www.measuredhs.com/pubs/pdf/DHSQ5/DHS5-Man's- 
QRE-22-Aug-2008.pdf. 

28. Long JS: Regression Models for Categorical and Limited Dependent Variables. 
Thousand Oaks, CA: Sage Publications; 1996. 

29. Palipudi KM, Gupta PC, Sinha DN, Andes LJ, Asma S, McAfee T, et al. Social 
determinants of health and tobacco use in thirteen low and middle 
income countries: evidence from Global Adult Tobacco Survey. PLoS One 
2012, 7(3):e33466. 

30. Hosseinpoor AR, Parker LA, Tursan d'Espaignet E, Chatterji S: Social 
determinants of smoking in low- and middle-income countries: results 
from the World Health Survey. PLoS One 201 1 , 6(5):e20331 . 

31 . IARC: Available at IARC Monographs on the Evaluation of Carcinogenic Risks to 
Humans Vol. 89: Smokeless Tobacco and Some Tobacco-specific N-Nitrosamines. 
http://monographs.iarc.fr/ENG/Monographs/vol89/mono89.pdf. 

32. Gupta PC, Ray CS: Smokeless tobacco and health in India and South Asia. 
Respirology 2003, 8(4)41 9-431 . 

33. John RM, Sung HY, Max W: Economic cost of tobacco use in India, 2004. 
Tob Control 2009, 18(2)138-143. 

34. Tumwine J: Implementation of the Framework Convention on Tobacco 
Control in Africa: Current Status of Legislation. International journal of 
environmental research and public health 201 1, 8(1 1 ):431 2— 4331 . 

35. Bettcher DW, eSilva VLC: Advances and Challenges in Tobacco Control: 
a Parallel between the World and Brazil. Brazilian Journal of Cancerology 
2011, 57(3)395-399. 

36. WHO: WHO Report on the Global Tobacco Epidemic, 2008: MPOWER Package. 
Geneva, Switzerland: World Health Organization; 2008. 

37. Hiscock R, Bauld L, Amos A, Fidler JA, Munafo M: Socioeconomic status 
and smoking: a review. Ann N Y Acad Sci 2012, 1248:107-123. 

38. John RM, Sung HY, Max WB, Ross H: Counting 15 million more poor in 
India, thanks to tobacco. Tob Control 201 1, 20(5)349-352. 

39. Samet J A, Yoon S (Eds): Women and the tobacco epidemic: challenges for the 21st 
Century. Geneva, Switzerland: WHO, Institute for Global Tobacco Control; 2001. 

40. Morrow M, Barraclough S: Tobacco control and gender in south-east Asia. 
Part II: Singapore and Vietnam. Health Promot Int 2003, 18(4)373-380. 

41. Morrow M, Barraclough S: Tobacco control and gender in Southeast Asia. 
Part I: Malaysia and the Philippines. Health Promot Int 2003, 18(3)255-264 

42. Edwards R: Spousal smoking as an indicator of total secondhand smoke 
exposure. Nicotine Tob Res 2009, 1 1(6):606-613. 

43. USDHHS: The Health Consequences of Involuntary Exposure to Tobacco 
Smoke: A Report of the Surgeon General. Atlanta, GA: U.S. Department of 
Health and Human Services, Centers for Disease Control and Prevention, 
Coordinating Center for Health Promotion, National Center for Chronic Disease 
Prevention and Health Promotion, Office on Smoking and Health; 2006. 

44. IARC: Tobacco Smoke and Involuntary Smoking, IARC Monograph on Evaluation 
of Carcinogenic Risks to Humans: Volume 83. Lyon, France: IARC; 2002. 

45. Mamudu HM, Veeranki SP, John RM: Tobacco Use Among School-Going 
Adolescents (1 1-17 Years) in Ghana. Nicotine Tob Res 2013, 15(8)1355-1364. 

46. Pampel F: Tobacco use in Sub-Saharan Africa: Estimates from the 
demographic health surveys. Social Science and Medicine 2008, 
66(8)1772-1783. 



Mamudu et al. BMC Public Health 2013, 13:856 
http://www.biomedcentral.com/1471-2458/13/856 



Page 11 of 1 1 



47. Mufunda J, Chatora R, Ndambakuwa Y, Nyarango P, Kosia A, Chifamba J, et al: 
Emerging non-communicable disease epidemic in Africa: preventive 
measures from the WHO Regional Office for Africa. Ethn Dis 2006, 
16(2)521-526. 

48. WHO: Available at Committee of Experts Report on Tobacco Company 
Strategies to Undermine Tobacco Control Activities at the World Health 
Organisation. http://www.who.int/tobacco/en/whoJnquiry.pdf. 

49. WHO: Tobacco industry interference with tobacco control. Geneva, 
Switzerland: WHO: 2008. 

• 

doi:1 0.1 186/1471-2458-13-856 

Cite this article as: Mamudu et al: The odd man out in Sub-Saharan 
Africa: understanding the tobacco use prevalence in Madagascar. BMC 

Public Health 2013 13:856. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /'"A n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



